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Abstract. Most commonly, residents are always arguing about the satisfaction of sustainability and 
quality of their high rise residential property. This paper aim is to maintain the best quality 
satisfaction of the floor materials by introducing the whole life cycle costing approach to the 
property manager of the public housing in Johor. This paper looks into the current situation of floor 
material of two public housings in Johor, Malaysia and testing the whole life cycle costing approach 
towards them. The cost figures may be implemented to justify higher investments, for examples, in 
the quality or flexibility of building solutions through a long-term cost reduction. The calculation 
and the literature review are conducted. The questionnaire surveys of two public housings were 
conducted to make clear the occupants’ evaluation about the actual quality conditions of the floor 
material in their house. As a result, the quality of floor material based on the whole life cycle 
costing approach is one of the best among their previous decision making tool that was applied. 
Practitioners can benefit from this paper as it provides information on calculating the whole life 
costing and making the decisions for floor material selection for their properties.  
Introduction 
The essential problem in evaluating projects over time is that the money has a time value. 
Reflecting of this scenario, economics and value must also be taken into account in the evaluation. 
From a practical point of view, the analytical solutions are delicate and must be interpreted with 
care. Therefore, the evaluation that should be considered must involve the mixture of art and 
science. In order to appreciate that condition, the Whole Life Cycle Costing (WLCC) has been 
chosen as an alternative approach for this situation. The need for WLCC arises because decisions 
made inevitably have an impact on future outlays as the design evolves and product matures, 
especially during the early phases of a project development [1]. 
During the 1930s, many building users began to discover that the running costs during 
occupancy of the building process such as maintenance, energy and management began to impact 
significantly on the occupiers’ budget [2]. It was found that the lowest cost system of selection was 
not always the cheapest solution over the lifetime of the building. 
Furthermore, by respecting to the property management concept, the maintenance management 
models and tools were among the priority to be focused on [3]. Dealing to Waeyenbergh, and 
Pintelon [4], they mention that an asset proceeds through a number of sequential phases during its 
life cycle; acquisition, operation and maintenance, refurbishment or enhancement, and, finally, 
disposal. The life cycle of an asset begins with a planning process that identifies the need for that 
asset and determines how and when it is to be procured. The asset is then acquired either an existing 
asset is purchased or a new one is created. The asset then enters its operational phase.  As the asset 
ages, it may deteriorate or become obsolete, at which stage, a decision is made to either refurbishes, 
enhance or dispose of it. 
Understanding the diverse definitions of life cycle costing and WLCC, the author determined 
that, WLCC is the systematic and sustainable approach to consider at the initial level of budgeting 
with all significant costs by taking into account the economic interest on the assets involved at 
different stages of development. A misguided perception of life cycle costing is that the longer 
something lasts, the less it costs over time. While, Kirkham and Boussabaine [5] advocated WLCC 
as a dynamic and ongoing process which enables the stochastic assessment of the performance of 
constructed facilities from feasibility to disposal. The WLCC assessment process takes into account 
the characteristics of the constructed facility, reusability, sustainability, maintainability and 
obsolesces as well as the capital, maintenance, operational, finance, residual and disposal costs. The 
results of this stochastic assessment form the basis for a series of economic and non-economic 
performance indicators relating to the various stakeholders’ interests and objectives throughout the 
life cycle of a project. 
A review of current and recently published research found that considerable work has been done 
in the areas of service life planning, life cycle costing; activity based costing, WLCC and property 
management. The empirical research also focuses on studies towards building conditions. 
Implementation of WLCC and how it can be measured in the construction phase of a construction 
project is similarly well documented. It was found, however, that little research has been carried out 
on how to measure the WLCC towards the materials, operation maintenance and rehabilitation 
(OMR) phases of a building’s life. 
Quality of Whole Life Cycle Costing 
It is evident in a review of published research that the definition of quality varies depending upon 
the approach used. Hellard [6] stated that regardless of the specific quality philosophy, there is a 
consensus that quality includes customer satisfaction, management leadership, and continuous 
improvement of the process. A focus on prevention not detection of defects, education and training 
also generates measurement of quality. Several methods have been proposed to measure quality in 
each phase but the impact of quality in design and construction can only be authorized at these 
initial stages.  
The actual impact of the decisions made in design and construction, on service life and whole 
life cycle costing cannot be ascertained until a building enters the operation and maintenance phase 
and begins to incur costs. While it seems logical that money spent on quality in design and 
construction will result in saving at a later date, is the cost of implementing quality less than the 
savings accumulated and can the costs be quantified? Otherwise, will the construction and 
management will be manageable and productive at all? [7] 
Examples of the impact of quality upon building service life and whole life cycle costing can be 
found in many sectors, especially in the developed countries. The inherent problem property 
managers face is that while it is possible to measure quality at a specific point in time, such as 
during the construction process, no tool exists that can be used to measure the impact quality has 
over the actual building component service life and thus on a WLCC [5]. This is very important. 
The relatively long design service life of most infrastructures is such that the user or owner is not 
necessarily aware of the severity of degradation until major rehabilitation is identified as a 
requirement by the property manager.   
Floor Materials 
The choice of environmentally friendly materials is an important step in the path towards 
sustainable building. The production of floor coverings has a significant impact on the common 
environment in all stages of the product’s life cycle, and research has shown that there is 
considerable scope for the reduction of such impacts. Among other improvements, increased 
efficiency in the use of water and energy can benefit the regular environment in which quarries are 
located and can lead to important cost savings. 
 
Methods 
The research methodology followed by a traditional approach of data collection, analysis, pilot 
survey and review. Historical cost and building quality data were collected from two selected 
buildings on public high rise building housing in Johor Bahru, and about 2862 randomly resident 
received the survey questionnaire to support this study (refer Table 1).  
Location 1 is the high rise public housing which has been developed in the year 1987; 
meanwhile, the location 2 is the high rise public housing which has been developed in the year 
2002. These two buildings have been chosen also because of the significant responses from the 
property manager in having a good approach to overcome of over budget issue in replacing and 
buying the floor materials during the decision making process Besides, the lifestyle of the residents 
in these two public housings was still too much different compared to the other location and 
compared to private housing.  
Individual building components WLCC, building component services and maintenance and 
rehabilitation costs were presented as annual equivalent costs and analysed by age, location, 
building category and description, function and usage using proven statistical methods to determine 
the impact of these factors on costs in developing the best result to be selected through the whole 
life cycle costing approach. Details of WLCC formulae can be found from Eq.1. 
A metric to measure quality was developed and used as a means of determining building 
component's design, construction and operation and maintenance quality. The quality measure can 
be referred under Eq. 2. The floor material costs were then is modeled as a function of quality 
scores. Finally, further discussions for additional research were provided.   
 
Table 1. Details on the Questionnaire Survey Distributed. 
 Location 1 Location 2 
Year of Completion 1987 2002 
Number of Floors 5 18 
Number of Units 2152 2250 
Distributed Sheets (65%) 1399 1463 
Answer Recorded 503 415 
Percentage of Answer Recorded (%) 35.96 28.38 
 
The Whole Life Cycle Costing of the building component can be retrieved from the formulae 
presented below;           
 
𝑊𝐿𝐶𝐶 =   𝐸𝐹𝐶𝑗  ×   𝐼𝐶𝐶 𝑗  +   𝐸𝐹𝐶𝑘  ×   𝐴𝐶𝐶 𝑘  +    𝐸𝐹𝑀𝑡
𝑡=𝑛
𝑡=1  ×    𝑀 𝑡 +   𝑅 𝑡  +
  𝑈 𝑡  +   𝐶𝐸𝑃𝑒𝑟𝑠 𝑡  +  𝑃𝐼𝐿𝑇 𝑡                        (1) 
Where, 
EFCj  = the economic model construction factor for the year of construction. 
EFCk   = the economic model construction factor for the year of construction. 
(ICC) j  = the one time initial construction cost in year j 
(ACC) k  = the one time additional construction cost in year k 
t  = the year of cost is incurred  
n  = the actual service life or period of economic interest 
EFMt  = the economic model operation and maintenance factor for the year t 
(M) t  = the sum of maintenance and repair costs occurring at year t 
(R) t  = the sum of rehabilitation costs occurring at year t 
(U) t  = the annual building service costs occurring at year t 
(CEPers) t = the annual construction engineering personnel costs occurring at year t  
(PILT) t  = the annual payments in lieu of taxes occurring at year t 
 
Presenting cost data in constant year Malaysian Ringgit allows for the comparison of 
expenditures over a specified period. The details of the analysis can be found in Fig.3 
 𝐵𝑄𝑃 = 𝑎 𝐵𝑄𝐷𝑀𝑃 + 𝑏 𝐵𝑄𝐶𝑃 + 𝑐 𝐵𝑄𝑂𝑀𝑃                    (2) 
Where; 
𝐵𝑄𝑃  = building components quality proportion 
𝐵𝑄𝐷𝑀𝑃 = design and material quality proportion  
𝐵𝑄𝐶𝑃   = construction quality proportion 
𝐵𝑄𝑂𝑀𝑃  = OMR quality proportion 
a, b, c  = constants based on the level of influence quality has on building components WLCC when 
considered in each of the phases of design and material, construction and OMR respectively 
 
Results 
Basically, this analysis is based in two locations, and Table 2 shows the result after the management 
team of their property applied the WLCC approach at their place during the decision making 
process. It shows that, the improvement and quality satisfaction for the floor materials of the public 
housing increase between year 2011 and 2012. The result does not refer to one location only, but 
both locations. These results practically supported the actual hypothesis for the successfulness of 
WLCC approach. 
 
Table 2. Quality Result after WLCC approach 
  Location 1 Location 2 
  2011 2012 2011 2012 
N Valid 503 503 415 415 
 Missing 0 0 0 0 
Mean 2.4016 3.0915 2.6193 3.5470 
Std. Error of Mean .02601 .03999 .04021 .03503 
Median 2.0000 3.0000 2.0000 4.0000 
Mode 2.00 4.00 2.00 4.00 
Std. Deviation .58343 .89687 .81922 .71362 
Variance .340 .804 .671 .509 
Skewness 1.144 -.181 .805 -1.248 
Std. Error of Skewness .109 .109 .120 .120 
Kurtosis .308 -1.736 -1.035 .080 
Std. Error of Kurtosis .217 .217 .239 .239 
Range 2.00 2.00 2.00 2.00 
Minimum 2.00 2.00 2.00 2.00 
Maximum 4.00 4.00 4.00 4.00 
Sum 1208.00 1555.00 1087.00 1472.00 
Percentiles 25 2.0000 2.0000 2.0000 3.0000 
 50 2.0000 3.0000 2.0000 4.0000 
 75 3.0000 4.0000 3.0000 4.0000 
 
Table 3 shows the improvement in the floor materials' quality based on the perception of the 
residents in two public housing. Even though the resident is not involved 100% during the decision 
making process, but the resident knew that, the management has improved their decision making 
approached within the year 2010 to 2012. Each resident has been told the approach that had been 
applied. The management team also mentioned that the resident needs to evaluate the quality of the 
material between the material before (which is in 2010-evaluation in the year 2011), and the new 
material applied (which is in the year 2011- evaluation in the year 2012). 
The quality satisfaction of floor materials in location 1 improves from merely 5 % above average 
up to 45.1%. In addition, location 2 also increases from purely 21.7% to 67.7% above average 
satisfaction. This is the activity which dictates that the quality satisfaction had interrelated with the 
costing approached that has been applied to undertake the issues on over budgeting and under 
quality material. Therefore, it can be concluded that property manager should consider the WLCC 
approach to consider the quality results from the residents and not just the seller or supplier of the 
material. 
 
Table 3. Satisfactory Percentage for Floor Covering selection 
  Location 1 Location 2 
  2011 2012 2011 2012 
N Valid 503 503 415 415 
 Missing 0 0 0 0 
Below Average 64.8% 36.0% 59.8% 13.0% 
Average 30.2% 18.9% 18.6% 19.3% 
Above Average 5.00% 45.1% 21.7% 67.7% 
 
Conclusion 
Overall, the study of the floor covering quality and the whole life cycle costing approach has 
enabled a researcher to understand more about the use and efficiencies of the WLCC. In addition, 
practitioners can benefit from this paper as it provides information on calculating the whole life 
costing and making the decisions about floor material's selection of their properties. The signs of 
WLCC and the quality of the materials are totally high with almost 43.5% average based on these 
two locations. It is advisable, if this study can be expended to the other type of housing and under 
the other agencies of management as well. 
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SUBTO TAL I SUBTO TAL II TO TAL CAPITAL CO ST TO TAL REPLACEMENT FUTURE CO ST CAPITAL RECO VERY M&O  M&O  M&O  INCREMENT M&O  UNIFO RM CO ST PRESENT WO RTH WLCC Replacement WLCC WLCC WLCC RANK ADJUSTED VALUE DIVERSE
Low Base High Preliminaries Contigencies Construction Cost (Annual Cost) Replacement Cost Maintenance Cost Maintenance Cost Maintenance Cost Annually Maintenance Cost Annual Cost Life  Span SAVING Annualised RMpsf INITIAL CO ST
0.80 1.30 0.15 0.05 0.19 0.17 0.19 0.20 RIR RIR RIR RIR Price Per Q uantity RIR Annually next 40 years 40 years with 1st Alternative PP Factor RMpsf
Type Price Per Q uantity Economic Life Span Alt1 Alt2 Alt3 Alt4 0.0563 0.0563 0.056268509 0.056268509 Price Per Sqft 0.0563 0.0563 0.0634
Price Per Sqft First Year End Price per Sqm
Location 1 Cement Render 2.80                          60 2,405,419.52   3,006,774.40   3,908,806.72   3,006,774.40    451,016.16     150,338.72     3,608,129.28            667,503.92          4,275,633.20                           160,155.00                               114,145,916.60    716,498.65                          0.15                          451,016.16               0.42                          25,378.01          318,283.54               769,299.70               12,055,233.71            16,491,021.90   0.65                 679,186.81      0.63              1 2.80                      (2.17)                         
Homogeneous Tiles 10.14                        55 8,711,054.98   10,888,818.72 14,155,464.34 10,888,818.72  1,633,322.81  544,440.94     13,066,582.46          2,221,319.02 15,287,901.48                         752,938.66                               310,410,321.26    7,265,296.32                       0.42                          4,573,303.86            4.26                          257,332.99        3,227,395.07            7,800,698.93            122,240,069.80          138,280,909.94 0.71                 (5,533,686.05)             6,212,872.87   5.79              2 10.14                    (4.35)                         
Ceramic Tiles 8.65                          40 7,431,028.16   9,288,785.20   12,075,420.76 9,288,785.20    1,393,317.78  464,439.26     11,146,542.24          2,117,843.03 13,264,385.27                         1,484,956.85                            118,484,194.53    5,902,584.12                       0.40                          3,715,514.08            3.46                          209,066.44        2,622,050.09            6,337,564.17            99,312,163.40            114,061,505.52 0.98                 (6,367,290.14)             7,046,476.96   6.56              3 8.65                      (2.09)                         
Parquet Flooring 8.79                          25 7,551,299.14   9,439,123.92   12,270,861.10 9,439,123.92    1,415,868.59  471,956.20     11,326,948.70          2,208,755.00 13,535,703.70                         3,444,470.99                            53,191,121.49      6,897,834.87                       0.46                          4,341,997.00            4.04                          244,317.70        3,064,161.08            7,406,158.08            116,057,457.08          133,037,631.77 1.56                 (12,470,863.80)           13,150,050.61 12.25            4 8.79                      3.46                           
Location 2 Cement Render 2.80                          60 3,276,000.00   4,095,000.00   5,323,500.00   4,095,000.00    614,250.00     204,750.00     4,914,000.00            909,090.00          5,823,090.00                           218,119.03                               155,458,130.97    1,086,508.14                       0.15                          614,250.00               0.42                          34,562.93          489,903.09               1,104,153.09            18,280,717.69            24,321,926.72   0.82                 1,258,551.89   0.86              1 2.80                      (1.94)                         
Homogeneus Tiles 12.11                        55 14,168,700.00 17,710,875.00 23,024,137.50 17,710,875.00  2,656,631.25  885,543.75     21,253,050.00          3,613,018.50 24,866,068.50                         1,224,669.35                            504,888,412.59    13,157,613.58                     0.42                          7,438,567.50            5.09                          418,557.11        5,932,726.38            13,371,293.88          221,379,491.17          247,470,229.02 0.89                 (12,711,070.64)           13,969,622.53 9.55              2 12.11                    (2.56)                         
Ceramic Tiles 11.20                        40 13,104,000.00 16,380,000.00 21,294,000.00 16,380,000.00  2,457,000.00  819,000.00     19,656,000.00          3,734,640.00 23,390,640.00                         2,618,597.88                            208,937,020.79    11,589,420.16                     0.40                          6,552,000.00            4.48                          368,671.27        5,225,632.92            11,777,632.92          194,994,321.98          221,003,559.86 1.23                 (15,895,379.89)           17,153,931.78 11.73            3 11.20                    0.53                           
Parquet Flooring 10.32                        25 12,074,400.00 15,093,000.00 19,620,900.00 15,093,000.00  2,263,950.00  754,650.00     18,111,600.00          3,531,762.00 21,643,362.00                         5,507,651.03                            85,051,706.43      12,280,646.29                     0.46                          6,942,780.00            4.75                          390,659.88        5,537,304.60            12,480,084.60          206,624,340.47          233,775,353.50 1.96                 (27,773,859.85)           29,032,411.73 19.85            4 10.32                    9.53                           
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Fig.3: Whole Life Cycle Costing Result 
